tein (GABARAP) was identified in a yeast
clustering, (Essrich et al., 1998; Kneussel et al., 1999); 1.9 Å resolution by molecular replacement using the first structure as a search model. This structure (R free ϭ however, this activity does not appear to be mediated through a direct interaction between the two proteins. 
26.5%, comprising amino acids 1-116) reveals a continuous head-to-tail GABARAP multimer (1322 Å
2
Structure Determination
The human GABARAP protein was expressed in E. coli and purified using cation exchange and gel filtration
GABARAP Exists in Two Distinct Conformations
The monomeric conformation presumably represents chromatography. Crystallization screens identified two sets of conditions that produced well diffracting crystals. the structure of GABARAP at relatively low protein concentrations when it is not associated with other proteins The initial crystals obtained diffracted to 1.6 Å resolution and the structure was determined utilizing multiple isomoror membranes, and indeed, gel filtration and dynamic light scattering experiments document that GABARAP phous replacement with anomalous scattering and data collected with iridium, platinum, and bromine derivatives is monomeric in solution in concentrations up to 100 M and salt concentrations in the range of 0.05-1.0 M ( Table 1) . The refined structure (R free ϭ 24.4%, comprising amino acids 2-116) shows no significant GABARAP NaCl (data not shown). The oligomeric conformation of GABARAP in our crystals, on the other hand, is stabilized intermolecular interactions and is therefore referred to as the structure of monomeric GABARAP. The structure by the high salt conditions (2.4 M ammonium sulfate) which enhance the hydrophobic interactions dominating of a second GABARAP crystal form was determined to the multimerization interface. GABARAP oligomerizaubiquitin-like C-terminal domain. The resulting conformation is relatively compact and is subsequently retion in vivo would presumably be induced and stabilized via interactions with other proteins, such as tubulin, or ferred to as the "closed" conformation. In the oligomeric crystal form, the NH(10) residues with membranes. The biophysical experiments discussed further below support our interpretation that the GABARAP adopt an extended structure that, in contrast to the closed conformation, is projected away from the ubiquioligomerization observed in the crystals is biologically relevant and not simply a result of the crystallization tin-like domain and binds a neighboring molecule in the crystal lattice ( Figure 1F ). Specifically, the N-terminal six conditions.
Overall, the structures of the two GABARAP crystal amino acids of one molecule interact with the S2 strand of an adjacent molecule, giving rise to a head-to-tail forms (monomeric form, Figures 1A and 1C; , although with kinetics that were much slower than we observe for full-length GABARAP. Furthermore, the ciate laterally to form ‫52ف‬ nm wide hollow cylindrical polymers (Amos, 2000) . Interestingly, the intermolecular concentration of peptide required to induce tubulin polymerization was higher than we observed for GABARAP.
distance between adjacent tubulin monomers in the 2D Data Collection and Structure Determination Data were collected at the X-25 and X9B NSLS beamlines. Images mM phenylmethylsulfonylfluoride, 0.5 mg ml Ϫ1 hen egg white lysozyme) and lysed by sonication. The lysate was centrifuged, the were integrated, scaled, and merged using DENZO and SCALE-PACK (Otwinowski and Minor, 1993) . Subsequent calculations were supernatant was loaded on a 150 ml SP-Sepharose column, and proteins were eluted with a linear gradient of 0.05-0.6 M KCl. Fracperformed with the CCP4 program suite (CCP4, 1994). The closed conformation GABARAP structure was determined using the MIRAS tions containing GABARAP were pooled and concentrated to ‫02ف‬ mg ml Ϫ1 . The protein was then loaded onto a preparative grade method (Table 1) . Peak data were input into the program SnB to identify the position of the Pt atoms. The peaks were refined using Superdex 75 gel filtration column equilibrated in 20 mM MES (pH 6.5), 200 mM KCl. Fractions containing pure GABARAP, which mi-MLPHARE (CCP4) in the resolution range 30-1.6 Å . Ir and Br sites were located using anomalous-difference Fourier maps. Native data grates as a monomer, were pooled, concentrated to 30-40 mg ml Ϫ1 , and stored at Ϫ80ЊC in 15% glycerol. The ⌬N10 and ⌬N27 mutants too were noticed to contain anomalous signal, which later we realized is due to two Ni ions bound to the protein. Derivatives suffered were generated through a single round of PCR using the full-length GABARAP construct as a template. Mutant protein expression and from nonisomorphism and the useful phases were provided mainly by anomalous signal. The anomalous signal in the native was also Feng, G., Tintrup, H., Kirsch, J., Nichol, M.C., Kuhse, J., Betz, H., and Sanes, J.R. (1998) 
